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(54) Surgical stapling instrument 

(57) In accordance with the present invention there 
is provided a surgical device for joining a first and a sec- 
ond vessel together and creating a passageway there- 
between. The device includes an implement which has 
proximal and distal ends and a longitudinal axis defend- 
ing therebetween. The implement has a bottom mem- 
ber and a top member which are substantially 
coextensive. The top and bottom members are pivoted 
together at the proximal end so that a wall of each of the 
first and second vessels can be held between the top 
and bottom portions. The device includes a mechanism 
for joining the first and second vessels together along 



two joining lines which are substantially parallel to each 
other and to the longitudinal axis of the implement. The 
lines have distal and proximal ends. The device further 
includes a blade for severing the first and second ves- 
sels between the joining lines so as to create a pas- 
sageway through the vessels. The blade operates such 
that it is able to cut the vessels along a cut line which 
has a proximal end that is distal to the proximal ends of 
the joining lines, and a distal end that is proximal to the 
distal ends of the joining lines. 




< 

CM 

CO 
O) 

o 
Q. 
LU 




FIG. 2 



rat (UK) Business Services 



1 



EP 0 931 512 A1 



2 



Description 

Field of the Invention 

[0001] The present Invention relates to devices and 
methods for surgically performing anastomosis of hol- 
low organs or vessels. More particularly, it relates to 
vascular anastomosis devices for joining the end of a 
graft vessel, such as a coronary bypass graft, to the side 
wall of a target vessel, such as the aorta or a coronary 
artery 

Background of the Invention 

[0002] Creating an anastomosis, or the surgical for- 
mation of a passage between two normally distinct ves- 
sels, is a critical step of many surgical procedures. This 
is particularly true for coronary artery bypass graft 
(CABQ) procedures in which one or more graft vessels 
are joined to the coronary arteries distal to the diseased 
portion in order to improve the blood supply to the myo- 
cardium (heart muscle). The graft vessels typically used 
are the saphenous vein of the leg or the radial artery of 
the arm. Also, the internal mammary (IMA) artery is 
commonly rerouted from its original position and 
attached to the lower anterior descending coronary 
artery (LAD) to restore blood flow to the left ventricle of 
the heart. When using harvested vessels, an anastomo- 
sis must be performed on both the proximal and distal 
ends of the graft vessel. For the case using the IMA, the 
anastomosis is made only at the distal end, or pedicle, 
of the IMA. 

[0003] Currently the method of hand suturing the vas- 
cular anastomosis during a CABG is preferred by sur- 
geons. The suturing method, however, is very time 
consuming, requiring several minutes per anastomosis 
even for an experienced surgeon. In some cases the 
Wood flow in the newly joined vessels may be poor or 
there may be leaks, and the surgeon must remove the 
stitches and repeat the suturing procedure. In surgical 
procedures involving multiple bypass grafts, the time 
accumulated for doing the suturing is very substantial, 
putting the patient at risk and increasing the cost of the 
surgical procedure. Hand suturing also requires a high 
level of skill and is not easily mastered by many sur- 
geons. It is especially difficult to suture if the anastomo- 
sis site is not easily accessed or viewed. 
[0004] In the CABG procedure, access to the heart is 
obtained via a median sternotomy in which the rib cage 
is split longitudinally on the midline of the chest, and the 
left and right rib cages are spread apart. This method 
allows very good access to the heart but is very trau- 
matic to the patient, and lengthy recovery time (1-2 
weeks) in the hospital is required. More recently, a car- 
diac procedure known as MIDCAB (Minimally Invasive 
Direct Coronary Artery Bypass) using a small, left thora- 
cotomy (incision between the ribs on the left chest) 
directly above the heart has become more widely used 



to reduce the patient's pain and recovery time. In this 
procedure, howwer, the surgical access to the heart 
and visibility of it are significantly reduced, and hand 
suturing may be more difficult tiian when using a 

5 median sternotomy. 

[0005] A number of devices for augmentation of the 
suturing techniques for vascular anastomosis have 
been developed. These devices attempt, with varying 
degrees of success, to reduce the difficulty in repeat- 

10 ediy passing a needle and thread through the blood 
vessel walls. Recent examples are found in U.S. Patent 
5,571.090 issued to Sherts on November 5. 1996, U.S. 
Patent 4.803,984 issued to Narayanan on February 14, 
1989, and U.S. Patent 5,545.148 issued to Wurster on 

IS August 13. 1996. In Sherts and Narayanan, the individ- 
ual stitches must still be made one at a time and, there- 
fore, the procedure is still time consuming. In addition, 
the working ends of the Wurster and Sherts devices 
appear to obstruct the view of the needle tip. and so pre- 

20 cise placement of the stitch might be difficult in some sit- 
uatbns. 

[0006] Devices incorporating rings or fittings have 
been tried for end-to-side anastomosis. Examples are 
U.S. Patent 4,366,819 issued to Kaster on January 4, 

25 1983 and U.S. Patent 4,657,019 issued to Walsh, et al. 
on April 14. 1987. These devices have several disad- 
vantages and, therefore, have not become widely used 
by surgeons. The devices Incorporate small, separate 
parts which must be manipulated into the blood vessels 

30 using special tools and techniques. The steps for 
assembly of such devices to the blood vessels may 
become more difficult as less surgically invasive proce- 
dures are used. In addition, the necessary manipulation 
of the vessels traumatize the delicate vessel walls, thus 

35 jeopardizing the ability of the vessels to heal properly 
The presence of a portion of a ring or fitting in the blood 
stream may also inhibit the formation of a smooth, 
endothelial lining on the inner wall of the vessels. 
[0007] Surgical staplers have been widely used by 

40 surgeons for many surgical procedures. Circular sta- 
plers and linear stapling and cutting instruments are 
well known in the art for the anastomosis of bow^ tis- 
sue, but have not yet been made available to surgeons 
in miniature versions suitable for vascular anastomosis. 

45 Circular staplers are used primarily for end-to-end anas- 
tomosis of bowel tissue. For coronary procedures. *ie 
end-tp-end type of anastomosis is not preferred 
because it requires the coronary artery to be completely 
severed from its original blood supply to be joined to the 

so graft vessel. This could only be used in relatively infre- 
quent cases when the coronary artery is completely 
occluded proximal to the location for the anastomosis. 
Circular staplers also have been used for the end-to- 
side type of anastomosis on large organs such a bowel. 

55 A key disadvantage of a circular stapler for this applica- 
tton is that one hollow organ must be joined to the side 
of the other hollow organ at about a 90 degree angle. In 
vascular anastomosis, it is often desirable to jobi the 
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graft vessel to the target vessel at an acute angle to 
facilitate laminar blood flow through the joined vessels, 
or to avoid kinking of the graft vessel. Also, the size of 
the passageway between the joined vessels is limited 
by the diameter of the graft vessel. For a side-to-side 
anastomosis, the passageway size can be made to very 
large relative to the vessel diameters by choosing the 
appropriate length of staple joining lines. 
[0008] In the PCT application WO 97/16122 filed by 
Rygaard on October 31, 1995, an instrument and 
method is shown for using a miniature, circular stapler in 
an end-to-side anastomosis of blood vessels. However, 
this device still requires substantial manipulation of the 
vessels as the device is assembled together and oper- 
ated. This is often difficult to do with very limited access 
to the surgical site, and also could lead to the inability of 
the vessels to heal together properly. In addition, visual- 
ization of the vessels at the anastomosis while using 
this device is significantly obstructed by the distal end of 
the device. 

[0009] Linear stapling and cutting instruments, usually 
referred to as linear cutters (see, for example. U.S. Pat- 
ent 5,465,895, issued to Knodel, et al, on November 14, 
1995 and which is hereby incorporated herein by refer- 
ence) are primarily used to hemostatically transect tis- 
sues to be removed from the body, but may also be 
used to anastomose organs side-to-side. Such devices 
have proven to be time-saving, reliable, and relatively 
easy to use by surgeons. The current stapling devices, 
however, are not designed to be made into miniaturized 
versions that would allow them to be useful for vascular 
anastomosis, and, as is discussed below, there are dif- 
ficulties in making miniaturized versions. 
[001 0] A linear cutter has two forks forming an imple- 
ment on the distal end of the instrument. One fork is a 
metal channel adapted to receive a staple cartridge. 
The cartridge contains numerous sugical staples 
aligned longitudinally into a number (usually four or six) 
of rows. The other fork is a metallic anvil containing an 
equal number of pockets, one for each staple. When tis- 
sue is clamped between the two forks, a drive member 
actuated on the handle, pushes a number of wedges 
(usually 2) in the distal direction. The wedges bear 
against cam surfaces on a number of drivers within the 
staple cartridge, causing the drivers to push the staples 
out of the cartridge, through the tissue, and into the sta- 
ple pockets on the anvil. As each staple is completely 
eniitled from the cartridge, the staple forms in the anvil 
staple pocket, thus clinching the tissue held therebe- 
tween. As a drive member pushes the wedge in the dis- 
tal direction it also pushes a knife which is slightly 
proximal to the wedge. The knife cuts through all the tis- 
sue held in the forks except for at the distal most end 
where it stops at a location just proximal to the end of 
the staple lines. Then the wedges and knife are 
returned to their starting location either manually or by a 
spring return mechanism within the handle of the instru- 
ment. 



[001 1 ] When using a conventional linear cutter for cre- 
ating a side-to-side anastomosis of large organs, the 
severed end of a first hollow organ (such as a portion of 
the small intestine) is placed over the anvil. Next the 

5 severed end of a second hollow organ (such as another 
portion of the small intestine) is placed over the staple 
cartridge channel. The tissue is clamped together, sta- 
pled and cut. This must then be followed by a second 
application of the device perpendicular to the first appli- 

10 cation in order to close the open ends of the two joined 
organs. The result is a passage between the two joined 
organs. In time, the tissues grow together, given an ade- 
quate blood supply. As the joined organs heal together, 
the passage tietween the organs straightens. More 

IS detailed descriptions along with illustrations showing 
the use of linear cutting staplers for side-to-side anasto- 
mosis of bowel, as well as other procedures, can be 
found in the Atlas of Abdominal Surgery. Braasch, et al. 
Chapter 10. published by W. B. Saunders Co., 1991. 

20 [001 2] Prior art linear cutters, however, are not practi- 
cal for use on small blood vessels. In addition to the 
problems of attempting to manufacture components 
based on designs simply scaled down from the prior art 
linear cutters, there would be other difficulties with using 

25 prior art linear cutters for small vessel anastomosis. 
When a conventional linear cutter is used on tissue, the 
knife cuts through all the tissue clamped between the 
forks up to a location just proximal to the distal end of 
the staple line, severing the joined organs at their open 

30 ends where the forks are inserted. Therefore, instead of 
aeating a closed loop passageway between the sides 
of the organs, an open, V-shaped passageway is cre- 
ated. This could cause a number of difficulties and prob- 
lems when creating anastomosis in very delicate 

35 vessels such as the coronary artery. 

[001 3] Regardless of the above, linear cutters are sim- 
ple, effective and easy to use surgical devices. There- 
fore there has been a desire for a linear cutter which can 
provide anastomosis of very small hollow organs such 

40 as blood vessels, but which overcomes the above men- 
tioned problems. Such a device should allow the aea- 
tion of a passage between the vessels in one step, after 
preparation of the vessels, and that the passage have 
an unbroken, flexible circumference. It is further desira- 

45 ble that the device require minimal manipulation of the 
blood vessels. It is also desirable to provide a device 
which creates the anastomosis without exposing blood 
flow to a significant amount of foreign material and 
allows rapid healing of the endothelial lining inside the 

so blood vessels. Further, it is desirable to have such a 
device which is adapted to be used in traditional open 
cardiac procedures (CABG), minimally invasive proce- 
dures such as MIDCAB, and also adaptable to endo- 
scopic procedures. The present invention provides such 

55 adevic». 
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Summary of the Invention 

[0014] In accordance with the present invention tliere 
is provided a surgical device for joining a first and a sec- 
ond vessel together and creating a passageway there- s 
between. The device includes an implement which has 
proximal and distal ends and a longitudinal axis extend- 
ing therebetween. The implement has a bottom mem- 
ber and a top member which are substantially 
coextensive, the top and bottom members are pivoted io 
together at the proximal end so that a wall of each of the 
first and second vessels can be held between the top 
and bottom portions. The device includes a mechanism 
for joining the first and second vessels together along 
two joining lines which are substantially parallel to each is 
other and to the longitudinal axis of the implement. The 
lines have distal and proximal ends. The device further 
includes a blade for severing the first and second ves- 
sels between the joining lines so as to create a pas- 
sageway through the vessels. The blade operates such 20 
that it is able to cut the vessels along a cut line which 
has a proximal end that is distal to the proximal ends of 
the joining lines, and a distal end that is proximal to the 
distal ends of the joining lines. 

25 

Brief DesaiPtion of the Drawings 

[001 5] The novel features of the i nvention are set forth 
with particularity in the appended claims. The invention 
itself, however, both as to organization and methods of 30 
operation, together with further objects and advantages 
thereof, may best be understood by reference to the fol- 
lowing description, taken in conjunction with the accom- 
panying drawings in which: 

35 

Figure 1 is an isometric view of the surgical device 
constructed in accordance with a prefen'ed embod- 
iment of this invention. 

Figure 2 is an isometric view illustrating details of 40 
the implement of the surgical device. 

Figure 3 is an exploded isometric view of the handle 
for the surgical device. 

45 

Figure 4 is an exploded isometric view illustrating 
the details of the components that comprise the 
implement of the surgical device. 

Figure 5 is an isometric view of the handle and so 
proximal portion of the shaft of the surgical device 
with the left side handle cover removed to reveal 
internal components. 

Figure 6 is a side elevational view of Figure 5 show- 55 
ing the instrument in a first position. 

Figure 7 is a side elevational view of Figure 5 show- 



ing the instrument in an second position in which 
the closing trigger has been pulled. 

Figure 8 is a side elevational view in section of the 
implement of the surgical device in a second posi- 
tion, corresponding with Figure 6. 

Figure 9 is a side elevational view in section of the 
implement of the surgical device with the anvil in a 
closed position, con-esponding with Rgure 7. 

Rgures 10. 11, and 12 are proceeding sequential 
positions of the components of the implement dur- 
ing instrument actuation. 

Figure 13 is a side elevational view of the imple- 
ment located in the prepared graft vessel. The tar- 
get vessel is also shown and is being prepared by 
manual incising. 

Rgure 14 is a side elevational view of the imple- 
ment correctly located, achieving proximity of the 
graft and target vessels. 

Rgure 15 is a side elevational view of the imple- 
ment with the anvil in an actuated position thus 
holding the vessels together for simultaneous cut- 
ting and stapling. 

Figure 16 is a side elevational view of the imple- 
ment removed from the vessels. 

Rgure 17 is a side elevational view of the channel 
of the implement of Figure 4. 

Rgure 18 is a front elevational view of the channel 
of Figure 1 7. 

Rgure 19 is a plan view of the driver of the cartridge 
of Figure 4. 

Rgure 20 is a side elevational view of the driver of 
Rgure 19 taken along line 20-20. 

Rgure 21 is a front elevational view of the driver in 
Rgure 19 taten along line 21-21 of Figure 20. 

Rgure 22 is a side elevational view of the wedge of 
the cartridge of Figure 4. 

Figure 23 is a plan view of the wedge of Figure 22. 

Rgure 24 is a side elevational view of the knife of 
the implement of Rgure 4. 

Rgure 25 Is a front elevational view of the knHte of 
Rgure 24. 
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Figure 26 is an isometric sectional view of the car- 
tridge of Figure 4. 

Figure 27 is an inverted isometric sectional view of 
the cartridge of Figure 26. s 

Figure 28 is a plan view of the cartridge of the distal 
end assembly of Figure 4. 

Figure 29 is a side elevstional view of the cartridge io 

of Figure 28. 

Figure 30 is a bottom view of the cartridge of Figure 
28. 

15 

Figure 31 is a plan view of the anvil of Figure 4. 

Figure 32 is a side elevational view of the anvil of 
Figure 31 . 

20 

Figure 33 is a bottom view of the anvil of Figure 31 . 

Detailed Desc ription of the Preferred Embodiment of 
the Invention 

[001 6] Referring now to the drawings in detail wherein 
like numerals indicate the same elements throughout 
the views, there is shown in Figure 1 is an isometric 
view of the preferred embodiment of the present inven- 
tion which is a surgical device 10. Device 10 includes a 3o 
handle 140, a shaft 80. and an implement 20. The han- 
dle 140 has a pistol grip and includes a closing trigger 
142, an actuator 160, and a release button 180. The 
ergonomic shape of the handle 140 and placement of 
the closing trigger 1 42, actuator 1 60, and release button 3S 
1 80 allow the one-handed use of the surgical device 10. 
Other ergonomic shapes of the handle 140 and other 
shapes/placements of the associated components are 
possible without limiting the scope or intent of the 
present invention; The shaft 80 has a distal end 82, a 40 
proximal end 86 (see Figure 5) inside the handle 140, 
and a bend 81 near the distal end 82. Bend 81 is pro- 
vided to fecilltate the placement of the implement at the 
surgical site, such as at the coronary artery on the sur- 
face of the heart. The visible portion of shaft 80 is a tube 45 
84, preferably made from round, stainless steel tubing. 
The shaft provides a means of access of the implement 
20 to the surgical site and contains the means tor trans- 
ferring the surgeon's hand forces imparted to the handle 
1 40 to the implement 20. The surgical device 1 0 can be so 
used by the surgeon in a surgical procedure to join 
together two hollow organs, preferabily with either a 
side-to-side, or a functional end-to-side anastomosis 
using surgical wire staples. In the following description, 
the surgical device 10 will be described in use with 55 
Wood vessels, although It can be used for other hollow 
organs, and it can also be used for the henfiostatic 
transection of other bodily tissues. 



[0017] Figure 2 is an enlarged, isometric view of the 
implement 20 and the distal end 82 of the tube 84. The 
implement 20 includes a channel 40 retained slidably in 
the distal end 82 of tube 84. Channel 40 is adapted to 
receive a cartridge 60 which has a clamping surface 61 . 
The implement 20 also includes an anvil 22 which has a 
plurality of staple pockets 24 aligned into tvw) longitudi- 
nal rows on clamping surfece 87. Anvil 22 includes a 
knife slot 26. The anvil 22 is pivotably attached to chan- 
nel 40 and retained in the distal end 82 of tube 84. The 
anvil 22. channel 40, and cartridge 60 function in coop- 
eration to damp onto Ijodily tissues contained between 
clamping surfaces 87 and 61 . 
[0018] Turning now to Figure 3. the components of the 
handle 140 and shaft 80 are shown in an exploded iso- 
metric view. The handle 140 includes a right cover 150 
and a left cover 152, each made from a rigid, medical 
grade plastic, and together which support the closing 
trigger 142, the actuator 160, and the release button 
180. Shown in right cover 150 is a right release button 
pivot 157 in which release button 180 pivots. The actua- 
tor 160 includes a left and right button, 162 and 163 
respectively, and a slide 164 having left and right slide 
tabs, 168 and 169 respectively. The buttons 162 and 

163. and the slide 164 are made from a rigid, medical 
grade plastic, as are the closing trigger 142 and the 
release button 180. The handle 140 further includes an 
actuator spring 170 and a closing trigger spring 148, 
each made from a spring steel wire. The shaft 80 
includes, disposed within tube 84, a drive member 100 
which is made preferably from a stainless steel and has 
a flattened, proximal end 104 for attachment to slide 

164. Drive member 100 moves longitudinally within a 
track 93 along the length of a closing member 90 which 
has a proximal end 94 and a distal end 92, and is made 
from a medical grade plastic with some amount of flexi- 
bility. The drive member 100 moves distally from a first 
position to a second position to actuate the work portion 
of the implement 20 (see Figure 2). Proximal end 94 of 
closing member 90 attaches to rod retaining end 143 of 
closing trigger 142. 

[001 9] Now looking at Figure 4, an exploded isometric 
view of the implement 20 is shown, revealing the work 
portion of the present invention. This portion includes 
eight, surgical steel wire staples 1 30. four staple drivers 
120 which are made from a rigid, medical grade plastic, 
a wedge 138 made from a metal or a rigid, medical 
grade plasticand a knife 110 made from a medical 
grade, metal alloy exhibiting highly elastic properties. In 
this eniKxjiment, the metal alloy is preferably a nickel- 
titanium alloy. Knife 110 includes an integral, proximal 
spring end 114 and integral, distal spring end 116, a 
cutting edge 1 12, a first tab 1 18. a second tab 119, and 
a blunt edge 113. The cartridge 60 has a distal end 68 
and aproximal end 66 and ismadefroma rigid, medical 
grade plastic. The cartridge 60 is adapted to receive the 
drivers 120, the staples 130. the wedge 138, and the 
knife 110. The cartridge has a left detent tab 64 and 
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right detent tab 65 (see Figure 30) to locate into a left 
detent hole 48 and a right detent hole 49 (not shown) of 
the channel 40. Cartridge 60 also has a left alignment 
projection 62 and a right alignment projection 63 (see 
Figure 30) to snap tightly into a left L-slot 50 and a right 
L-slot 51 respectively. In this embodiment, the cartridge 
60 is not intended to be removed from the channel 40 
during the surgical procedure using the surgical device 
10. However, those skilled in the art can appreciate that 
this cartridge 60 could be modified to be reloadable into 
the channel 40, in a way much like is done currently with 
commercially available linear, cutting, surgical staplers. 
[0020] Skipping briefly to Figures 1 7-29, in Figure 1 7 
a side view of the channel 40 Is shown separately for 
clarity. 

[0021 ] Figure 18 is a side view of the staple 1 30 which 
conprises a crown 131, two legs 132, and two staple 
points 133. The width of the crown 131 and the length of 
the legs 132 are each 1 .016 mm (.040 inches). The sta- 
ple wire diameter is .1 14 mm (.0045 inches). These sta- 
ple dimensions may vary without changing the scope or 
intention of the present invention. 
[0022] Figures 1 9, 20, and 2 1 are alternative views of 
one of the drivers 120. In the top view of Figure 19, a 
first wing 1 23 is joined to a second wing 1 24 by a bridge 
125. Bridge 125 includes a cam surface 121. Figure 20 
is a view as indicated by line 20-20 in Figure 19. and 
shows a recess 126 which is provided for the location of 
the plastic injection molding gate. Figure 21 is a view as 
indicated by line 21 -21 in Figure 20 and reveals the sta- 
ple driving surfaces 127 and the bottom surface 122. 
[0023] Figures 22 and 23 are alternative views of the 
wedge 138, including blunt edge 139, shown separately 
for clarity. 

[0024] Figures 24 and 25 are alternative views of the 
knife 110, shown separately for clarity. 
[0025] Figures 26 and 27 are isometric sectional 
views of the cartridge 60, revealing the internal features, 
including a plurality of columns 73, a plurality of fingers 
72, a proximal ledge 70, a distal ledge 71, a plurality of 
driver spaces 18. a knife slot 78, and a driver ledge 77. 
Also shown is clamping surface 61 and staple holes 69. 
IWZ6} Figures 28, 29^ and 30 are alternative views of 
the cartridge 60. shown separately for clarity. Figures 28 
and 29 show recessed surfaces 74 and 75 which 
assemble closely against the insides of channel 40 (see 
Figure 4). Referring to Figure 28, the tight driving 
spaces 18 and the left driving spaces 19 contain the 
staples 130 (see Figure 17). The staple points 133 (Fig- 
ure 17) are directed towards the clamping surface 61 of 
the cartridge 60 (see Figure 29) and slightly recessed 
below the clamping surface 61. The first and second 
wings. 123 and 124, of driver 120 shown in Figure 19 fit 
slidabiy into driving spaces 18 and 19 shown in Figure 
28. so that staple crowns 131 contact and are driven by 
driving surfaces 121 of the drivers 120. The movement 
of each driver 120 in the driving direction perpendicular 
to the clamping surface 61 is substantially guided t>y the 



sliding contact on finger 72 with the bridge 125 of the 
driver 120. 

[0027] Returning now to Figure 4, the proximal end 36 
of the anvil 22 has a left guiding post 28 and a right guid- 

s ing post (not shown) which fit slidabiy and pivotably into 
a left anvil slot 46 and a right anvil slot (not shown) 
respectively. A pulling tab 38 is provided for the opening 
of the anvil and is located between and slightly distal to 
the right and left guiding posts on the proximal end 36. 

10 Also on proximal end 36 of anvil 22 is an opening 30 
between left pivot heel 32 and right pivot heel 33. Open- 
ing 30 provides additional clearance for distal end 102 
of drive member 100 (see Figure 3) to pass through 
freely Figures 31. 32, and 33 are alternative views of 

IS the anvil 22. shown separately for clarity. 

[0028] Figure 5 is an isometric view of the handle 1 40 
without the left cover 152 and left button 162, and of the 
proximal portion of the shaft 80. The relative, assembled 
positions of the closing trigger 142, the slide 164, the 

20 release txjtton 180 and the springs, 170 and 148, are 
shown in the ready-to-use or first position. Proximal end - 
104 of the drive member 100 is shown attached to slide 
164 and positioned in track 93 of the closing member 
90. 

25 [0029] Figure 6 is a side elevation of the same compo- 
nents and configuration, the first position, as shown in 
Figure 5. All of the features of the right cover 150 are 
mirrored on the left cover 152 which is not shown. The 
closing trigger 142 is guided by fins 144 by right trigger 

30 ribs 159 of the right cover 150. The trigger spring 148 is 
captured on trigger spring post 1 47 of the closing trigger 
142 and bears against cup end 186 of the release but- 
ton 180. Trigger spring 148 therefore serves a double 
function as a return spring for the closure trigger 142 as 

3s well as for the release button 1 80. A red flange 96 on the 
distal end 94 of closing member 90 is shown mounted 
into the rod retaining end 143 of closing trigger 142. 
Tube flange 89 on distal end 86 of tube 84 is shown 
mounted in tube retaining rib 1 55 of right cover 150. The 

40 slide 164 is in the extreme right position and is con- 
strained by right slide tab 169 (see Figure 3} slidabiy 
inserted in right slot 151 to move in the left, horizontal 
direction. Spring 170 pushes off first attachment boss 
1 71 and justifies slide 1 64 to the ectreme right position. 

45 The left, horizontal movement of slide 1 64 is blocked by 
step 183 of the release button 180. Trigger hook 146 of 
closing trigger 142 and release button hook 184 of 
release button 180 are not engaged. Attachment 
bosses 171, 172, 173, and 174 press fit with matching 

so gripper pins on the inside wall of the left side cover 1 52. 
[0030] Figure 7 is the same, side elevational view of 
the components shown in Figure 6, but with the closing 
trigger 142 and the release button 180 now moved to a 
second position. The actuator 164 is still in the extreme 

55 right position, but is no longer blocked by step 183 of 
release button 180. The closure trigger 142 has been 
pulled by the user to the second position and is held 
there by engagenrent of the trigger hook 146 with the 
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release button hook 184 which has swung to the second 
position by the pivoting of the release button 180 about 
a release button pivot 1 82. Rod flange 96 of closure rod 
90 has moved longitudinally to the second position 
within the stationary, tube 84. Drive member 100 is still 
shown in its first position. Actuation of the actuator 164 
by the user causes the movement of the slide 1 64 in the 
left, horizontal direction, in turn causing the drive mem- 
ber 100 to move also in the left, horizontal direction. 
This movement causes the actuation of the work portion 
of the implement 20 as will be described. 
[0031] Figures 8. 9, 10, 1 1 , and 12 are side views in 
section of the implement 20 and distal end 82 of the 
shaft 80. These figures depict how the implement 20 
clamps, staples, and transects bodily tissues. Referring 
first to Figure 8, the implement 20 is shown in an open 
position, corresponding to the first position of the clos- 
ing trigger 142 in Figure 6. Channel 40, containing car- 
tridge 60, is attached at its proximal end 44 to distal end 
92 of closing member 90, with distal end 82 of tube 84 
covering this attachment. Left finger 52 and right finger 
53 on proximal end 44 of channel 40 (see Figure 4) 
attach into distal end 92 of closing member 90. Pulling 
tab 38 of anvil 22 is captured inside of tube hole 83 on 
distal end 82 of tube 84. Tube surface 79 on distal end 
82 of tube 84 rests in contact with anvil pushing surface 
88 of anvil 22, while left and right guide posts, 28 and 
29, of anvil 22 (see Figure 4) are positioned inside of left 
and right anvil slots, 46 and 47 (see Figure 8), of chan- 
nel 40, thus determining the maximum angle 76 to 
which the anvil 22 can open to. A flexible rod portion 91 
of closure member 90 is shown contained within bend 
81 of tube 84. Distal end 102 of drive member 100 is 
positioned longitudinally approximately even with the 
surface 79 on distal end 82 of tube 84. Wedge 138, driv- 
ers 120, and knife 110 are shown retracted within the 
cartridge 60 in a first position. 
[0032] Going next to Figure 9, the implement 20 is 
shown in the closed position, creating a tissue gap 58 
which is appreciably smaller than twice the typical wall 
thickness of blood vessels. An elongated region 12 is 
determined by the longitudinal span of the drivers 120 
and is approximately equal to the length of each row of 
staples. The distal end 92 of closing member 90 has 
retracted to the second position by actuation of the clos- 
ing trigger 142 (see Figure 7) as described earlier. Flex- 
ible portion 91 of closing member 90 has conformed to 
bend 81 of tube 84. The channel 40 has been pulled fur- 
ther into distal end 82 of tube 84 while tube surface 79 
has pushed against anvil surface 88 to cause the simul- 
taneous rotation and sliding of guide posts 28 and 29 of 
anvil 22 (see Figure 4) inside of the anvil slots 46 and 47 
(Figure 4) of the channel 40. Distal end 102 of drive 
member 100 has not moved, but the retraction of chan- 
nel 40 into tube 84 has caused wedge 138 to move in 
close proximity to distal end 102. Cutting edge 112 of 
Knife 1 10 is aligned with knife slot 26 of anvil 22, as are 
staples 1 30 with their respective staple pockets 24 (see 



Figure 4) of anvil 22. This configuration corresponds to 

Figure 7. 

[0033] In Figure 10, the actuation of the work portion 
of the cartridge 60 has begun. Distal end 102 of drive 
member 100 is shown pushing against blunt edge 139 
of wedge 138, due to the user pushing on the actuator 
160 (see Figure 1) on the handle 140. As wedge 138 
moves horizontally in the right to left (distal) direction, it 
imparts a vertical force onto driver cam surface 121 , 
causing driver 120 to move downward towards anvil 22. 
Driver bottom surface 122 pushes down on knife blunt 
edge 1 1 3 to cause a portion of knife cutting edge 1 1 2 to 
project into tissue gap 58, thus cutting any tissues con- 
tained within. The first and second ends 1 1 4 and 1 1 6 of 
the knife 1 1 0 are captured by proximal and distal ledges 
70 and 71 of cartridge 60, and are shown deflecting. 
iSimultaneously the driver 1 20 pushes down on a pair of 
staples 130, forcing them out of cartridge 60 and 
towards anvil 22. The staples 130 are formed in the sta- 
ple pockets 24 into B-shapes or other variations, thus 
fostening together the tissues contained in the tissue 
gap 58. 

[0034] Figure 1 1 depicts the formation of the most dis- 
tal pair of staples 1 30 and the completion of the tissue 
transection by the knife 110. First knife tab 1 1 8 and sec- 
ond knife tab 1 1 9 serve to keep the knife positioned in 
longitudinal alignment with the knife slot 26 of the anvil 
22. The knife tabs 1 18 and 1 19 locate on the driver bot- 
tom surfaces 1 22 of the middle two driver pairs. 
[0035] Figure 12 shows the completion of the work 
portion actuation sequence. The wedge 138 has 
reached the distal most position within the cartridge 60 
as the drive member 100 has completed its movement 
to the left. Knife ends 114 and 116 of knife 110 have 
sprung back to their original shapes, thus lifting the knife 
1 10 back inskle of the cartridge 60 to protect the cutting 
edge 112. The eight staples 130 are fully formed and 
aligned into two rows extending slightly beyond each 
end of the cut made in the tissues. The wedge 138 is 
locked into the distal end 68 of the cartridge 60 by the 
distal most driver 120. All of tiie drivers 120 are held in 
their first, preferred positions by knife 110. When the 
user releases the actuator 160 (see Figure 7), it reHirns 
to its first position and enables the release button 1 80 to 
be pushed. The user may next release the implement 
20 from the tissue by pressing tiie release button 180 
(see Figure 7) which allows the closing member 90 to 
move distally and to push tiie channel 40 out of the dis- 
tal end 82 of tube 84. As this occurs, pulling tab 38 of 
anvil 22 is held from moving horizontally by tube hole 83 
of tube 84. The anvil slots, 46 and 47, slide over the 
anvil guide posts 28 and 29, as bdore but in tiie reverse 
direction, and the anvil 22 pivots to the open position as 
shown in Figure 8, thus releasing tiie tissues contained 
within ttie tissue gap 58. 

[0036] Rgures 13, 14, 15, and 16 show the distal por- 
tion of the present invention as it is being used to anas- 
tomose a graft blood vessel 1 98 to a target blood vessel 
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200. After the graft vessel 198 and target vessel 200 
have been prepared for the anastomosis by removing 
fat and muscle tissues from the areas to be joined, an 
Incision 1 97 Is made In the target vessel 200 by using a 
scalpel 199 or other cutting means. The length of inci- 
sion 197 need be only long enough to allow the inser- 
tion of the anvil 22 of the implement 20. During the next 
steps, the surgeon holds the handle 140 of the surgical 
device 10 (see Figure 1) and operates the closing trig- 
ger 142. the actuator 160, and the release button 180 
with the same hand, thus using the free hand to position 
the blood vessels. Figure 1 3 depicts how the cartridge 
60 is inserted into an open end 1 96 of a graft blood ves- 
sel 198 as far as possible without putting folds into the 
vessel. Next the anvil 22 is inserted into the incision 197 
of the target vessel 200, as shown in Rgure 14. Figure 
15 shows the implement 20 clamped onto the graft and 
target vessels, 198 and 200, compressing the two 
adjoining walls of the vessels in the region to be stapled 
and transected. The actuator 160 (see Figure 1) is 
pushed completely to the end of its stroke within the 
handle 140 so that the graft vessel 198 is stapled to tar- 
get vessel 200 and a communicating passageway is cut 
between the joined vessels by the knife 1 10, as shown 
in the sequences in Figures 10, 11 . and 12. The release 
button 180 (see Figure 1) is next pushed to allow the 
anvil 22 to open away from the cartridge 60, and the 
implement 20 is removed from the graft and target ves- 
sels, 198 and 200. as shown in Figure 16. The surgical 
device 10 may then be discarded. The open end 196 
and the incision 197 are next closed using clips, hand 
suturing, or any other techniques known to those skilled 
in the art, to complete the anastomosis. A passageway 
14 is shown between blood vessels 198 and 200 with 
the eight surgical wire staples 130 holding together the 
graft vessel incision peripheral edge 15 to the target 
vessel incision peripheral edge 16. The incision periph- 
eral edges, 15 and 16, were created together by the 
same cutting action and therefore are exactly the same 
length and are exactly aligned and held adjacent to 
each other so that the healing together of the blood ves- 
sels by the formation of a smooth endothelial lining is 
promoted. What is more, the passageway 14 has no 
interruptions in its perimeter, and Is still flexible to 
accommodate the pulsing blood flow within. 
[0037] While a preferred embodiment of the present 
invention has been shown and described herein, it will 
be obvious to those skilled in the art that such an 
ent)odiment is provided by way of example only 
Numerous variations, changes, and substitutions will 
now occur to those skilled in the art without departing 
from the invention. Accordingly, it is intended that the 
invention be limited only by the spirit and scope of the 
appended claims. 

Claims 

1. A surgical device for joining a first and a second 



vessel together, said device comprising: 

a) a handle for holding said device, said handle 
having at least one actuator thereon and a 

5 shaft having a proximal end attached to said 

handle and a distal end extending therefrom; 

b) an implement attached to said distal end of 
said shaft, said implement having proximal and 

10 distal ends and a longitudinal axis extending 

therebetween, said implement having a bottom 
member and a top member which are substan- 
tially coextensive and extend distally from said 
shaft, said top and bottom members are piv- 

15 oted together at said proximal end of said 

implement so that a wall of each of said first 
and second vessels can be held between said 
top and trattom portions; 

20 c) said implement including a mechanism, 

actuated by said at least one actuator, for join- 
ing said first and second vessels together 
along two joining lines which are substantially 
parallel to each other and to said longitudinal 

25 axis of said implement; and 

d) said implement further including a blade, 
actuated by said at least one actuator, for sev- 
ering said first and second vessels between 

30 said joining lines so as to create a passageway 

through said vessels, said knife operates such 
that it severs said vessels along a cut line 
which has a proximal end distal to proximal 
ends of said joinnig lines, and a distal end prox- 

35 imal to distal ends of said joining lines. 

2. The device according to claim 1 wherein said a 
mechanism for joining said first and second vessels 
along two joining lines comprises a mechanism for 

40 applying a plurality of staples so as to join said ves- 
sels along said joining lines. 

3. The device according to claim 2 wherein said actu- 
ator actuates said mechanism for applying said plu- 

45 rality of staples so that said staples are applied 
longitudinally such that said staples are first applied 
at the proximal ends of said join lines and continue 
to the distal end of said joining lines. 

50 4. The device according to claim 3 wherein said at 
least one actuator actuates said blade longitudi- 
nally such that said vessels are first severed at the 
proximal end of said cut line and continues to the 
distal end of said cut lines. 

55 

5. The device according to daim 4 wherein said at 
least one actuator actuates said blade so that it sev- 
ers said vessels afong said cut line after said sta- 
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pies have been applied to corresponding locations 
along said joining lines. 
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